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[57] ABSTRACT 

The illuminator of the invention takes relatively coherent 
light exiting from a fiber optic cable, and disperses it in an 
even manner over a wide viewing area of .an eye retina;: and 
by securing a transparent material having a light dispersing 
first surface to face the light output end of the fiber optic 
cable with an air gap in-between, thus allowing a large light 
index differential between the fiber material and the light 
dispersing material. 

8 Claims, 1 Drawing Sheet 
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The illuminator of the invention takes relatively coherent 
light exiting from a fiber optic cable, and disperses it in an 
even manner over a wide viewing area of an eye retina, and 
by securing a transparent material having a light dispersing 
first surface to face the light output end of the fiber optic 
cable with an air gap in-between, thus allowing a large light 
index differential between the fiber material and the light 
dispersing material. 

8 Claims, 1 Drawing Sheet 
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RETINAL WIDE-ANGLE ILLUMINATOR material and the light dispersing material. As will be seen, in 

FOR EYE SURGERY a preferred embodiment mcorporating the principles of the 

invention, the fiber optic cable is inserted within a support 
FIELD OF THE INVENTION tube of a handpiece stem, with the support tube extending a 

5 portion beyond the light output end of the cable; a trans- 
This invention relates to eye surgery; in general, and to a parent material is secured within the extending portion of the 
light-dispersing illuminator to spread the light out over the support tube, in this embodiment, having a light dispersing 
eye retina, in particular. fast surface which faces the light output end of the fiber 

•optic cable, with an air gap between such first surface and 
BACKGROUND OF THE INVENTION ^ ^ Ught output emL To preveilt tne refracting index 

As is well known and understood, in retinal eye repair . of * c vitreous eye fluid from affecting the Ught dispersion 

surgery, it is very highly desirable for the surgeon to view as which results, the apparatus of the invention will also be 

much of the retina as possible. Wide-angle viewing objective seen to incorporate a seal about the transparent material, 

lenses have been developed by microscope manufacturers to between it and the inside surface of the support tube, 

aid in this. However, and because of back-reflected light, the is As will become clear from the following description, the 

illumination of the retina cannot generally be had through light dispersing first surface of the transparent material may 

the same microscope lens. As a result — and as is also comprise, in this preferred embodiment of the invention, a 

understood — , an opening is thus made in the eye, where a holographic surface relief of random micro-lenses, 

fiber optic cable is then inserted that provides a beam of light embossed on a medical grade acrylic, for example, to 

to illuminate the retinal area. 20 provide a refracted coherent light at predetermined angles. 

A significant problem with such an arrangement was and of the order of 100°. 

recognized when it was realized that the largest fiber optic , _ _ 

beam that could be obtained was only of the order of 0.25 BRIEF DESCRIPTION OF THE DRAWING 

inches in diameter; thus, attempts at increased beam- ^ d other f eatures Q f me present invention will be 

spreading the relatively coherent light were tried. Such 25 more dearl understood from a consideration of the follow- 

attempts proved highly unsuccessful in practice though, . description, taken in connection with the accompanying 

especially when placing a lens on the end of the fiber optic drawing in which* 

cable — as analysis showed that providing any type of light " m . . L , . 

refracting lens on the surface of the fiber optic 'cablewasfor FIG.. 1 is a pictorial illustration of a handpiece stem 
the most part cancelled out, and due to the Ught refracting 3Q inserted into the eye to lUuminate the retina, helpful in an 
index matching of the vitreous eye fluid to that of the Ught understanding of the invention- 
refracting' lens material which, came in contact with such FIG. 2 is a pictorial illustration of a cable assembly for 
fluid. It was also found that making and atigning;yery small', deUvering a relatively coherent Ught through the stem^of 
lenses was very difficult. Additional approaches to oyerc»riie FIG. 1; and . I.' : 
this problem also prove of limited usefulness in that the Ught pjQ 3 ^ a cross-section schematic view of the stem of 
spreading that is achieved is essentiaUy onmidirectional— pjQ x constructed in accordance with the present inven- 
i.e. spread 360° — , instead of being focused in the retinal ^ on 
area of concern. Additionally, and because such approaches 

provide a near 360° omm-directionai angle of dispersion, it DETAILED DESCRIPTION OF THE DRAWING 

ll^t Z^CrS^l %XnfZ - - ™. 1, a handpiece 10 typically deUvers a beam of 

mTcroscope lensl^ugh w^cTthe 8 surgeon^iewed the ^vety coherent Ught through a stem 12 to mutate the 

retina, thus producing I glare. Also, valuable Ught is dis- ***** 14 <* the eye generall y shown at 16 As will be 

persed onto areas where no viewing can be achieved. understood, such collimatedl beam is generated by any 

r & appropriate Ught source 18 (FIG. 2) and delivered to lllu- 

OBJECTS OF THE INVENTION 45 minate the retina 14 by means of a coupling system 20 

including a fiber optic cable which passes through the 

It is an object of the present invention, therefore, to . nan dpiece stem 12. In accordance with a preferred embbdi- 

provide a new and improved wide-angle ffluminator for use ment of me invention, the fiber optic cable used herein is 

in retinal eye surgery. selected of a diameter of the order 0.029 inch and less, and 

It is another object of die invention to provide such an 50 is illustrated by the reference notation 22 in FIG. 3. Such 

muminator which is Ught-efficient, and . which throws a fiber optic cable is usuaUy encased within a support tube 24 

minimum amount of Ught back into the viewing rjath of the of sUghtly larger inside ; diameter— 0.030 inch for the pre- 

microscope lens. * v f erred embodiment of the invention being described. As will 

It is a further object of the invention to provide such a be understood by those skilled in the art it would be highly 

wide-angle iUuminator inexpensively, and in a manner 55 desirable to spread the Ught beam over as much of the 

which aUows the fiber optic light to be dispersed in a manner surface of the retina 14 as the microscope wide angle 

of optimum Ught refraction angle. objective lens makes as possible, yet without directing any 

source light back through the microscope lens being used by 

SUMMARY OF THE INVENTION the eye surgeon. 

As wiU become clear from the foUowing description, the 60 Thus, and according to the invention, the support ^tube 2* 

retinal muminator of the present invention aUows for the of FIG. 3 extends a portion 100 beyond the end of the fiber 

satisfaction of these objectives by taking relatively coherent optic cable, shown at 26, —understood as being the "Ught 

Ught exiting from the fiber optic cable and dispersing it in an output end" of the fiber optic cable 22. To achieve a focused 

even manner over the viewing area of the retina by placing beam spreading, a transparent material 28 is included, within 

a transparent material having a Ught dispersing first surface 65 the extending portion 100 of the support tube 24, and of a 

facing the Ught output end of the fiber optic cable in air, thus thickness less than the amount of the support tube extension 

aUowing a large Ught index differential between the fiber 100. More particularly, such transparent, material 28 is 
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RETINAL WIDE-ANGLE ILLUMINATOR ^Tel^S^^^^ 

FOR EYE SURGERY ISS^SfSoeSc cables inserted within a support 

_ „ tube of a handpiece stem, with the support tube extending a 

FIELD OFTHE INVENTION ? J^JJ me Ught ou(?ut end of thc cable; a trans- 

This invention relates to eye surgery, in general and to a parent material is secured within theextt«idu«FaiMof the 

Ught-dispersing illuminator to spread the light out over the support tube, in this embodiment, having a ligtit a^«re"»8 

eye retina, in particular. first surface which faces the Ught output end of*enber 

optic cable, with an air gap between such first surface ana 

BACKGROUND OF THE INVENTION ,„ the cable's Ught output end. To prevent the refracting index 

. , - of the vitreous eye fluid from affecting the light dispersion 

As is well known and understood, in retinal eye repair which resu its. the apparatus of the invention will also be 

surgery, it is very highly desirable for the surgeon to view as ^ ^ incorporate a seal about the transparent material, 

much of the retina as possible. Wide-angle viewing objective j^^^j j t and the inside surface of the support tube, 

lenses have been developed by microscope manufacturers to fe clear from ,he following description, the 

aid in this. However, and because of back-reflected light, the 15 As will oecome cicdju * material may 

illumination of the retina cannot generally be had through Ught dispersing totsurface °l*^*f™*™ vca1ioa . \ 

A significant problem with such an arrangement was and of the order ot 1UU . 

recognized when it was realized that the largest fiber optic BRIEF DESCRIPTION OF THE DRAWING 

beam that could be obtained was only of the order of 0.25 * ^ ° ^ 

inches in diameter; thus, attempts at increased beam- These and omer features of me present lnven^Uon will oe 
spreading the relatively coherent light were tried. Such 15 mor e clearly understood from a consideration of the rollow- 

attempts proved highly unsuccessful in practice, though, ing description, taken in connection with the accompanying 

especially when placing a lens on the end of the fiber optic drawing, in which: 

cable — as analysis showed that providing any type of light 1 is a pictorial illustration of a handpiece stem 

refracting lens on the surface of the fiber optic cable was for insertwi into the eye to iUuminate the retina, helpful in an 
me most part canceUed out, and due to toe Ught refracting 30 undcrstaildin g of n, e invention; 

index matching of the vitreous eye fluid to that of the Ught illustration of a cable assembly for 

refracting lens material which came in contact with such FIO z is a P*«°™" ^ ■ ^ h me stem of 

fluid. It was also found that making and.aligning very small delivering a relauvely. coherent light ftrough me 

lenses was very difficult. Additional approaches to overcome FIG. 1; and 

this problem also prove of limited usefulness in that the Ught $ FIG. 3 is a cross-section schematic view of toe som ^or 

spreading that is achieved is essentiaUy omnidirectional-- fj G . 1, constructed in accordance with the present invcn- 

i.e. spread 360°—, instead of being focused in the retinal tion 

area of concern. Additionally, and because such approaches ^ r pm>ronn\i rw? thp tyr AWING 

provide a near 360° oinni-directional angle of dispersion, it DETAILED DESCRIPTION OF THE DRAW UN u 

was determined that a significant portion of the light bemg ^ pj G 1 a han dpiece 10 typically deUvers a beam of / 

spread also is directed back through the eye lens and relatively coherent Ught through a stem 12 to iUuminate the 

microscope lens through which the surgeon viewed the ^ of me eye genera iiy shown at 16. As will be 

retina, thus producing a glare. Also, valuable Ught is dis- under stood, such coUimated beam is generated by any 

persed onto areas where no viewing can be achieved. appropriate Ught source 18 (FIG. 2) and deUvered to illu- 

^™^t a< mhiate the retina 14 by means of a coupling system 20 

OBJECTS OF THE INVENTION ... «S gjiji • «£ optic cable which- passes through the 

It is an object of the present invention, therefore, to handpiece stem 12. In accordance with a preferred embodi- 

provide a new and improved wide-angle Eliminator for use , , ment of the invention, the fiber optic cable used raxem i* 

mretinal eye surgery^ selected of a diameter of the order 0.029 mch and less and 

It is another object of the invention to provide such an 50 is illustrated by the reference ^^^^^^U 

muminator. which is Ught-efficient, and which throws,* . fiber optic cable is usuaUy . enc ^^^^^^^: 

miiumum amount of Ughtback into the viewing path of the of sUghtly larger inside 

microscope lens. * £22^ 

It is a further object of the invention to provide such a be untostooa Dy mosc 
wide angle muminator inexpensively and in a = 55 de^ble J-J"-*-^ jTmSope wide angle 

wtachaUowsthenberopticlighttobedispersedinamanner surface ^o ™ ibl t without directing any 

of optunum hght refraction angle. so£ce ught back through the microscope lens being used by 

SUMMARY OF THE INVENTION the eye surgeon. _ , 

.u 60 Thus and according to the invention, the support tube 

As will become clear from the following description, tne extends a portion 100 beyond the end of the fiber 

retinal illuminator of the present invention allows for the • hQwn at 2 $ —understood as being the "Ught 

satisfaction of these objectives by taking relatively coherent °P ; ' We 22 To achieve a focuS ed 

light exiting from the fiber optic cable and disperstag it in an ^'^^g a fransparent material 28 is included, within 

even manner over the viewing area of the retina by placing "earn sprca b- v um30rt ^be 24. and of a 

a transparent material having a Ught dispersing first surface 65 ^ £S^tube extenribn. 

feeing the Ught output end of the fiber optic cable in »r, thus Jf^TSSSSSTS LspaSnt material 28 is 

allowing a large Ught index differential between the fiber 100. More particularly, sum u * 
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selected to have a light dispersing first surface 30 facing the 
light output end 26 of the fiber optic cable 22. and with an 
air gap 32 between the surface 30 and the end 26. Such 
transparent material 28 preferably incorporates a holo- 
graphic surface relief of random micro-lenses at the surface 
30. to refract coherent light at predetermined angles accord- 
ing^ its manufacture, of the order of 100° (or somewhat 
less, determined as a trade-off between the amount of area 
over which the collimated light is to be spread in connection 
with the drop-off in the light intensity as increasing angles 
of beam spread are selected). Such transparent material 28 
may comprise an embossed medical grade material — 
chosen, for- example, from the class of acrylic, optical grade 
epoxies. polycarbonates and polystyrenes. Such material 
will be seen of a resilient composition, and. in accordance 
with the invention, is held within the extending portion 100 
\ of the support tube 24 by a press fit in providing a seal 
against vitreous eye fluids from reaching the air gap 32. To 
effectuate this, the transparent material 28 is fabricated of a 
diameter of the order of 0.001 inch larger than the inner 
diameter of the support tube 24 — and of the order of 0.031 
inch, for example, when the support tube 24 has an inside 
diameter of the order of 0.030 inch. 

As will be appreciated, by placing the transparent material 
28 with its light dispersing first surface 30 facing the light 
output end 26 of the fiber optic cable 22 in the air gap 32. 
a large light index differential is established between the 
fiber material and the light dispersing surface and gives rise 
to a light dispersal in a manner of optimum light refraction, 
without any index switching or changing because of the 
vitreous eye fluid. As will be apparent, this essentially 
follows because the vitreous fluid in the eye does not contact 
the light refracting surface of the light spreading material. 
By selecting the diameter' of the transparent material 28 in 1 
this respect to be larger than the inside diameter of the: 
support tube 24, an effective seal is provided around the 
material 28 in preventing the vitreous eye fluids from 
reaching the air gap 32. To further hold the transparent 
material 28 secured in position within the support tube 24. 
FIG. 3 illustrates the ends of the support tube 24 essentially 
being rolled-over (as at 40) about a second surface 42 of the 
transparent material 28, opposite to the light dispersing 
surface 30. 

With the light source 18 of FIG. 2 comprising a halogen 
light bulb and a condensing lens, for example, the illumi- 
nator of the invention will then be effective to enable the eye 
surgeon to direct the light to substantially cover where he 
wishes in illuminating a retinal area. By specifying the 
dispersal angle desired, a hologram can be developed for 
transforming' into the random micro-lenses to obtain this- — 
either with, or without, a small degree of light "spill-over**, 
along with its concomitant relatively small amount of light- 
dimrning at the .edges. In either event the end result is a 
construction which throws a minimum amount of light back 
into the viewing path of the surgeon's microscope lens, and 
in a construction which is quite inexpensive to produce. 

While there have been described what are considered to 
be preferred embodiments of the present invention, it will be 
readily appreciated by those skilled in the art that modifi- 
cations can be made without departing from the scope of the 
teachings herein. Thus, and for example, while the wide- 
angle iUuminator of the invention has been particularly 
described in context with a manner of employing it to 
advantage in retinal eye surgery, the teachings of the inven- 
tion will apply whenever it is desired to provide light 
dispersal inside a body over a wide angle, as in bladder 
surgery. There, and generally in any type of environment 
where transparent fluids would interfere with obtaining a 



wide-angle illumination, a handpiece stem could be u tiliz ed, 
according to the invention, in allowing a large light index 
differential between the fiber material and light dispersing 
material, to invasively illuminate inside the body at close 
proximity regardless of the relatively transparent fluid 
present where the handpiece stem is immersed. Additionally, 
and as will be understood, the teachings of the invention 
could apply equally as well in these or other procedures — 
even without the need of a handpiece, as where the wide 
angle iUuminator is located on the end of an endoscope, for 
example. For such reason, therefore, the scope of the present 
invention should be read in light of the appended claims 
which describe the apparatus for providing this light 
dispersal, and the method of obtaining this type of invasive 
illumination, not only within.the eye, butat any point within 
the body! 
I claim: 

1. In a stem to illuminate the retina of an eye. apparatus 
comprising: • - . . J 

a fiber optic cable within said stem haying a light output 

end delivering coherent light; '] ♦ 

a support tube, having an inner diameter and an outer 
diameter, surrounding said fiber optic cable and and 
extending a portion beyond said light output end of said 
fiber optic cable; 
a transparent thin disc material within said extending 
portion of said support tube, with said transparent 
material having a light dispersing straight-sided first 
surface facing said light output end of said fiber optic 
cable; and . - - : 

an air gap between said light dispersing first surface of 
said transparent material and said light output end of 
« said fiber optic cable; 'and 
';•>' wherein said transparent material is held within said 
extending portion of said support tube by a press-fit to 
provide a seal about said transparent material for pre- 
venting vitreous eye fluids from reaching said air gap; 
wherein said transparent material is of a diameter 0.001 
inch larger than said inner diameter of said support tube 
to provide said press-fit; and 
wherein said transparent material is of. a thickness of 
0.010 inch. 

2. The apparatus of claim 1, wherein said fiber optic cable 
is of 0.029 inch diameter, wherein said support tube is of 
0.030 inch inner diameter, and wherein said transparent 
material is 0.031 inch diameter. 

3. The apparatus of claim 1 wherein said transparent 
material also includes a straight-sided second surface oppo- 
site to said light dispersing straight-sided first surface, and 
wherein said support tube is rolled over said second surface 
of said transparent material. 

4. The apparatus of claim 1 wherein said light dispersing 
first surface of said transparent material comprises a holo- 
graphic element of random micro-lenses. 

5. The apparatus of claim 4 wherein said random micro- 
lenses are selected to refract coherent light at predetermined 
angles. 

6. The apparatus of claim 5 wherein said random micro- 
lenses are selected to refract coherent light at an angle of 
90°. 

7. The apparatus of claim 4 wherein said transparent 
material comprises an embossed medical grade material. 

8. The apparatus of claim 7 wherein said transparent 
material comprises an embossed medical grade material 
selected from the class of acrylic, optical grade epoxies. 

65 polycarbonates and polystyrenes. 
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^elected to have a light dispersing first surface 30 facing the 
light output end 26 of the fiber optic cable 22. and with an 
air gap 32 between the surface 30 and the end 26 Such 
transparent material 28 preferably incorporates a holo- 
gcaphic surface relief of random micro-lenses at the surface 
30, to refract coherent light at predetermined angles accord- 
ing^ its manufacture, of the order of 100° (or somewhat 
less, determined as a trade-off between the amount of area 
over which the collimated light is to be spread in connection 
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wide-angle illumination, a handpiece stem could be utilized 
according to the invention, in allowing a large light index 
differential between the fiber material and light dispersing 
material, to invasively illuminate inside the body at close 
proximity regardless of the relatively transparent fluid 
present where the handpiece stern is immersed. Additionally 
and as wiJI be understood, the teachings of the invention 
could apply equally as well in these or other procedures- 
even without the need of a handpiece, as where the wide 



_ " z . " w " w o^ictfu in connecuon cv ^u wiuiuui me neea oi a handpiece, as where th^ wi^ 

mth the drop-off in the light intensity as increasing angles ,o angle iUurninator is located on me^nd of ^ 
of beam spread are selected). Such transmit m*^™. examnie. For snrh r M€rtn tu*~e^ *u . . p * ror 
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of beam spread are selected). Such transparent material 28 
may comprise an embossed medical grade material- 
chosen, for example, from the class;of acrylic, optical grade 
epoxies. polycarbonates and polystyrenes. Such material 



example. For such reason, therefore, the scope of the present 
invention should be read in light of the appended claims 
which describe the apparatus for providing this light 
dispersal, and the method of obtaining thus type of invasive 



K:rr t~*j*~™*um ana porysiyrenes. such material iuapcroiu, ana me method of obtaining this type of invasive 
wm be seen of a resilient composition, and. in accordance Rumination, not only within the eye, but at any point within 
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with the invention, is held within the extending portion 100 
of the support tube 24 by a press fit in providing a seal 
against vitreous eye fluids from reaching the air gap 32. To 
effectuate this, the transparent material 28 is fabricated of a 
diameter of the order of 0.001 inch larger than the inner 
diameter of the support tube 24— and of the order of 0.03 1 
inch, for example, when the support tube 24 has an inside 
diameter of the order of 0.030 inch. 

As wiU be appreciated, by placing the transparent material 
28 with its ught dispersing first surface 30 facing the light 25 
output end 26 of the fiber optic cable 22 in the air gap 32 
a large light index differential is established between the 4 
fiber material and the light dispersing surface and gives rise 
to a light dispersal in a manner of optimum light refraction 
without any index switching or changing because of the 30 
vitreous eye fluid. As will be apparent, this essentially 
follows because the vitreous fluid in the eye does not contact 
the light refracting surface of the light spreading material 
By selecting the diameter of the transparent material 28 in 
this respect to be larger than the inside diameter of the 
support tube 24. an effective seal is provided around the 
material 28 in preventing the vitreous eye fluids .from 
reaching the air gap 32. To further hold the transparent 
material 28 secured in position within the support tube 24 
FIG. 3 illustrates the ends of the support tube 24 essentially 
beuig rolled-over (as at 40) about a second surface 42 of the 
transparent material 28, opposite to the light dispersing 
surface 30. z7 6 

With the light source 18 of FIG. 2 comprising a halogen 
light bulb and a condensing lens, for example, the illumi- 
nator of the invention will then be effective to enable the eye 
surgeon to direct the light to substantially cover where he 
wishes in illuminating a retinal area. By specifying the 
dispersal angle desired, a hologram can be developed for 
transforming into the random micro-lenses to obtain this 
either with, or without, a small degree of light "spill-over" 
along with its concomitant relatively small amount of light- 
dirnming at the .edges. In either event, the end result is a 
construction which throws a minimum amount of light back 
into the viewing path of the surgeon's microscope lens, and 
in a construction which is quite inexpensive to produce. 

While there have been described what are considered to 
be preferred embodiments of the present invention, it will be 
readily appreciated by those skilled in the art that modifi- 
cations can be made without departing from the scope of the 
teachings herein. Thus, and for example, while the wide- 60 
angle illuminator of the invention has been particularly 
described in context with a manner of employing it to 



the body. 
I claim: 

1. In a stem to illuminate the retina of an eye. apparatus 
comprising: v . 

a fiber optic cable within said stem having a light output 

end deflyering coherent light;/ 
a support tube, having an inner diameter and an outer 
diameter, surrounding said fiber optic cable and and 
extending a portion beyond said light output end of said 
fiber optic cable; 

a transparent thin disc material within said extending 
portion of said support tube, with said transparent 
material having a light dispersing straight-sided first 
surface facing said Ught output end of said fiber optic 
cable; and * 

an air gap between said light dispersing first surface of 
said transparent material and said light output end of 
said fiber optic cable; and 
wherein said ; transparent material is held within said 
extending portion of said support tube by a press-fit to 
provide a seal about said transparent material for pre- 
venting vitreous eye fluids from reaching said air gap; 
wherein said transparent material is of a diameter 0.001 
inch larger than said inner diameter of said support tube 
to provide said press-fit; and 

wherein said transparent material is of. a thickness of 
0.010 inch. 

• 2 ^^ aratUS of daim wherein said fiber optic cable 
nnL -°? * Qh diameter - wherein said support tube is of 
45 0.030 mch inner diameter, and wherein said transparent 
material is 0.031 inch diameter. 

3. The apparatus of claim 1 wherein said transparent 
material also includes a straight-sided second surface oppo- 
site to said light dispersing straight-sided first surface, and 
wherein said support tube is rolled over said second surface 
of said transparent material. 

4 The apparatus of claim 1 wherein said light dispersing 
first surface of said transparent material comprises a holo- 
graphic element of random micro-lenses. 

5. The apparatus of claim 4 wherein said random micro- 
lenses are selected to refract coherent light at predetermined 
angles. 

6. The apparatus of claim 5 wherein said random micro- 
lenses are selected to refract coherent light at an angle of 

7. The apparatus of claim 4 wherein said transparent 
material comprises an embossed medical grade material 

8. The apparatus of claim 7 wherein said transparent 
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